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$EVWUDFW7KLV SDSHU VXJJHVWV D PHWKRG WR LGHQWLI\ WKH
UHODWLRQVKLSRIUHDOSRZHUWUDQVIHUEHWZHHQVRXUFHDQGVLQNXVLQJ
DUWLILFLDO QHXUDO QHWZRUN $11 7KH EDVLF LGHD LV WR XVH
VXSHUYLVHG OHDUQLQJ SDUDGLJP WR WUDLQ WKH $11 )RU WKDW D
FRQYHQWLRQDO SRZHU IORZ WUDFLQJ PHWKRG LV XVHG DV D WHDFKHU
%DVHG RQ VROYHG ORDG IORZ DQG IROORZHG E\ SRZHU WUDFLQJ
SURFHGXUHWKHGHVFULSWLRQRI LQSXWVDQGRXWSXWVRI WKH WUDLQLQJ
GDWDIRUWKH$11LVHDVLO\REWDLQHG$QDUWLILFLDOQHXUDOQHWZRUN
LVGHYHORSHG WRDVVHVVZKLFKJHQHUDWRUVDUH VXSSO\LQJD VSHFLILF
ORDG 0RVW FRPPRQO\ XVHG IHHGIRUZDUG DUFKLWHFWXUH KDV EHHQ
FKRVHQ IRU WKH SURSRVHG $11 SRZHU WUDQVIHU DOORFDWLRQ
WHFKQLTXH$OPRVW DOO V\VWHP YDULDEOHV REWDLQHG IURP ORDG IORZ
VROXWLRQV DUH XWLOLVHG DV DQ LQSXW WR WKH QHXUDO QHWZRUN
0RUHRYHU ORJVLJPRLG DFWLYDWLRQ IXQFWLRQV DUH LQFRUSRUDWHG LQ
WKHKLGGHQOD\HUWRUHDOLVHWKHQRQOLQHDUQDWXUHRIWKHSRZHUIORZ
DOORFDWLRQ 7KH SURSRVHG $11 SURYLGHV SURPLVLQJ UHVXOWV LQ
WHUPV RI DFFXUDF\ DQG FRPSXWDWLRQ WLPH 7KH ,((( EXV
QHWZRUNLVXWLOLVHGDVDWHVWV\VWHPWRLOOXVWUDWHWKHHIIHFWLYHQHVV
RIWKH$11RXWSXWFRPSDUHGWRWKDWRIFRQYHQWLRQDOPHWKRGV

,QGH[ 7HUPV$UWLILFLDO 1HXUDO 1HWZRUN JUDSK WKHRU\ ORDG
IORZSRZHUIORZWUDFLQJ
,,1752'8&7,21
(5(*8/$7(' SRZHU V\VWHPV DUH XQEXQGOHG LQ WKH
JHQHUDWLRQWUDQVPLVVLRQGLVWULEXWLRQDQGUHWDLODFWLYLWLHV
ZKLFK DUH WUDGLWLRQDOO\ SHUIRUPHG LQ D YHUWLFDOO\ LQWHJUDWHG
PDQQHU &RQVHTXHQWO\ GLIIHUHQW SULFLQJ SROLFLHV ZLOO H[LVW
EHWZHHQ GLIIHUHQW FRPSDQLHV :LWK WKH VHSDUDWH SULFLQJ RI
JHQHUDWLRQ WUDQVPLVVLRQ DQG GLVWULEXWLRQ LW LV QHFHVVDU\ WR
ILQG WKH FDSDFLW\ XVDJH RI GLIIHUHQW WUDQVDFWLRQ KDSSHQLQJ DW
WKHVDPHWLPHVRWKDWDWUDQVSDUHQWDQGIDLUXVHRIWUDQVPLVVLRQ
V\VWHP FKDUJH FDQ EH LPSRVHG WR LQGLYLGXDO FXVWRPHUV
VHSDUDWHO\ ,Q DGGLWLRQ NQRZLQJ WKH FDSDFLW\ XVDJH LV
LPSRUWDQW IRU WUDQVPLVVLRQ FRQJHVWLRQ PDQDJHPHQW 6LQFH
WUDFLQJ WKHSRZHU IURPHDFKVRXUFH WRHDFKVLQN WKURXJK WKH
QHWZRUNKHOSLQDOOHYLDWLQJWKHFRQJHVWLRQLQWKHV\VWHP
'XH WR QRQOLQHDU QDWXUH RI SRZHU IORZ LW LV GLIILFXOW WR
GHWHUPLQH WUDQVPLVVLRQ XVDJH DFFXUDWHO\ 7KHUHIRUH LW LV
UHTXLUHG WR XVH YDULRXV WHFKQLTXHV VXFK DV DSSUR[LPDWH
PRGHOV WUDFLQJ DOJRULWKPV RU VHQVLWLYLW\ LQGLFHV IRU XVDJH
DOORFDWLRQ7KHWUDFLQJPHWKRGVDUHEDVHGRQWKHDFWXDOSRZHU
 
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IORZVLQWKHQHWZRUNDQGWKHSURSRUWLRQDOVKDULQJSULQFLSOH$
QRYHOWUDFLQJPHWKRGLVSUHVHQWHGLQ>@%XWHYHQWKRXJKWKH
DSSURDFK LV FRQFHSWXDOO\ YHU\ VLPSOH LW UHTXLUHV LQYHUWLQJ D
VSDUVH PDWUL[ RI WKH UDQN HTXDO WR WKH QXPEHU RI QHWZRUN
QRGHV,Q>@JUDSKWKHRU\LVDSSOLHGWRWUDFHDFWLYHSRZHUDQG
LWV OLPLWHG WR V\VWHPV ZLWKRXW ORRS IORZV 5HIHUHQFH >@ LV
EDVHG RQ WKH FRQFHSW RI JHQHUDWRU µGRPDLQV¶ µFRPPRQ¶ DQG
µOLQNV¶7KH GLVDGYDQWDJH RI WKLVPHWKRG LV WKDW WKH VKDUH RI
HDFK JHQHUDWRU LQ HDFK µFRPPRQ¶ LH WKH VHW RI EXVHV
VXSSOLHGIURPWKHVDPHVHWRIJHQHUDWRUVLVDVVXPHGWREHWKH
VDPH
5HIHUHQFH >@SURSRVHGD V\VWHPDWLFPHWKRGEDVHG RQ WKH
EDVLF FLUFXLW WKHRULHV HTXLYDOHQW FXUUHQW LQMHFWLRQ DQG
HTXLYDOHQWLPSHGDQFHWRDOORFDWHWKHSRZHUIORZDQGORVV IRU
GHUHJXODWHG WUDQVPLVVLRQ V\VWHP +RZHYHU DUUDQJLQJ
SD\PHQWV ZLWK FRXQWHU IORZV LV D GLIILFXOW SURFHVV 7KH
PHWKRG WR DOORFDWH WKH SRZHU IORZ DQG ORVVHV EDVHG RQ WKH
HOHFWULF FLUFXLW WKHRULHV LV SURSRVHG LQ >@ 7KLV PHWKRG
DVVXPHGWKDWWKHFXUUHQWDWHDFKQHWZRUNLQMHFWLRQSRLQWPD\
IORZ WKURXJKDOO OLQHVDQGUHDFKDOO ORDGVZKLFKPD\QRW EH
WUXHIRUDOOV\VWHP
$QHZWHFKQLTXHIRUUHDODQGUHDFWLYHSRZHUIORZWUDFLQJLV
SURSRVHGLQ>@WRSURYLGHDSURPLVLQJZD\RISULFLQJSRZHU
ZKHHOLQJ+RZHYHUWKHDXWKRUVGLGQRWPHQWLRQWKHVLJQLILFDQW
WRKDQGOHORRSV IORZV5HIHUHQFH>@SURSRVHGDPRGLILFDWLRQ
RI%LDOHNPHWKRGLQ>@,QWKHPHWKRGWKHPDWUL[H[SDQVLRQ
LVDYRLGHGE\LQWURGXFLQJPDWUL[GHFRXSOLQJDQGIROORZHGE\
DQLQWURGXFWLRQRIDQHTXLYDOHQWPRGHORIDOLQHWKDWXQLWHVWKH
QRGDO UHDFWLYH SRZHU ZLWK WKH SRZHU SURGXFHG E\ VKXQW
DGPLWWDQFHV
5HIHUHQFH>@SURSRVHGDYHFWRUHYDOXDWLRQSDUWLFOHVZDUP
RSWLPL]DWLRQ 9(3&2 LQ HYDOXDWLQJ WKH FRQWULEXWLRQV RI
JHQHUDWRUVWRWKHUHDOSRZHUIORZV+RZHYHUWKHH[SHULPHQWDO
UHVXOW VKRZHG WKDW WKH 9(3&2 DOJRULWKP LV VORZHU WKDQ
DQDO\WLFDO PHWKRGV 7KH PHWKRG UHSRUWHG LQ >@ LV EDVHG RQ
WUDFLQJWKHFXUUHQWDQGFRPSOH[SRZHUIURPLQGLYLGXDOSRZHU
VRXUFHV WR V\VWHP ORDGV %DVHG RQ VROYHG ORDG IORZ WKH
PHWKRGFRQYHUWVSRZHULQMHFWLRQVDQGOLQHIORZVLQWRUHDODQG
LPDJLQDU\ FXUUHQW LQMHFWLRQV DQG FXUUHQW IORZV 7KLVPHWKRG
KDV D FOHDU SK\VLFDO PHDQLQJ DQG LWV UHVXOWV DUH XQLTXH
+RZHYHUWKLVPHWKRGLVWLPHFRQVXPLQJ
,QDUHODWHGZRUNEDVHGRQDUWLILFLDOLQWHOOLJHQWWHFKQLTXHV
>@ SURSRVHG D WUDQVPLVVLRQ ORVV DOORFDWLRQ PHWKRG XVLQJ
$117KH$11DOORFDWHVORVVHVZLWKJRRGDFFXUDF\DQGLQD
,GHQWLILFDWLRQRI6RXUFHWR6LQN5HODWLRQVKLSLQ
'HUHJXODWHG3RZHU6\VWHPV8VLQJ$UWLILFLDO
1HXUDO1HWZRUN
0:0XVWDID0HPEHU,((($]KDU % .KDLUXGGLQ6WXGHQW0HPEHU,(((+6KDUHHI6WXGHQW
0HPEHU,(((DQG61.KDOLG
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TXLFNPDQQHU5HIHUHQFH>@SURSRVHGDIX]]\ORJLFDVDWRRO
LQ$YDLODEOH7UDQVIHU&DSDELOLW\$7&GHWHUPLQDWLRQWRFDWHU
WKHDFFXUDF\RUWKHRQOLQH&38WLPHUHTXLUHPHQWVLQDODUJH
VFDOHSRZHUV\VWHP5HIHUHQFH>@SURSRVHGFRPSXWDWLRQRI
$7&IRUUHDOWLPHDSSOLFDWLRQVXVLQJWKUHHGLIIHUHQWLQWHOOLJHQW
WHFKQLTXH YL] L %DFN 3URSDJDWLRQ $OJRULWKP %3$ LL
5DGLDO %DVLV )XQFWLRQ 5%) 1HXUDO 1HWZRUN DQG LLL
$GDSWLYH 1HXUR )X]]\ ,QIHUHQFH 6\VWHP $1),6 DQG
FRPSDUHGZLWK WKH )XOO $& /RDG )ORZPHWKRG )URP WKRVH
WKUHH GLIIHUHQW LQWHOOLJHQW WHFKQLTXHV $1),6 KDV PLQLPXP
HUURU IRU WKH EDVH FDVH DQG OLQH RXWDJH FDVH RI $7&
FRPSXWDWLRQVLWFDQEHXVHGLQUHDOWLPHDSSOLFDWLRQ
)URPWKHH[WHQVLYHOLWHUDWXUHUHYLHZLWFDQEHVHHQWKDWWKH
SURSRVHG PHWKRGRORJ\ LV VWLOO XQLTXH DQG QRW EHLQJ DSSOLHG
GLUHFWO\ WR WKHGHWHUPLQDWLRQRI WKHSRZHU WUDQVIHUDOORFDWLRQ
7KHJRDORIWKLVUHVHDUFKLVWRLQFRUSRUDWHWKH$11WRLGHQWLI\
SRZHU VRXUFH WR VLQN UHODWLRQVKLS LQ D GHUHJXODWHG SRZHU
V\VWHP0HWKRGEDVHGRQ*UDSKWKHRU\>@KDVEHHQFKRVHQDV
DWHDFKHUWRWUDLQWKHQHXUDOQHWZRUN$UWLILFLDO,QWHOOLJHQFHKDV
EHHQ SURYHQ WR EH DEOH WR VROYH FRPSOH[ SURFHVV LQ
GHUHJXODWHGV\VWHPVXFKDVORVVDOORFDWLRQDQG$7&6RLWFDQ
EH H[SHFWHG WKDW WKH GHYHORSHG PHWKRGRORJ\ ZLOO FRQWULEXWH
VLJQLILFDQWO\WRWKHNQRZOHGJHDQGDSSOLFDWLRQRIWUDQVPLVVLRQ
XVDJHDOORFDWLRQIRUGHUHJXODWHGV\VWHP
,,*5$3+0(7+2'$6$7($&+(5
7KH PHWKRG DVVXPHV WKDW D JHQHUDWRU KDV WKH SULRULW\ WR
SURYLGHSRZHUWRWKHORDGRQWKHVDPHEXVDQGLVEDVHGRQWKH
IROORZLQJOHPPDVRIJUDSKWKHRU\
/HPPD$ORVVOHVVILQLWHQRGHVSRZHUV\VWHPZLWKRXWORRS
IORZKDVDWOHDVWRQHSXUHVRXUFHLHDJHQHUDWRUEXVZLWKDOO
LQFLGHQWOLQHVFDUU\LQJRXWIORZV
/HPPD$ORVVOHVVILQLWHQRGHVSRZHUV\VWHPZLWKRXWORRS
IORZKDVDWOHDVWRQHSXUHVLQNLHDORDGEXVZLWKDOOLQFLGHQW
OLQHVFDUU\LQJLQIORZV
%DVHG RQ WKHVH WZR OHPPDVGRZQVWUHDP WUDFLQJVHTXHQFH
EULHIO\GHVFULEHGWKHPHWKRG7KHGRZQVWUHDPWUDFLQJ'675
LV XVHG IRU FDOFXODWLQJ WKH FRQWULEXWLRQ IDFWRUV RI LQGLYLGXDO
JHQHUDWRUV WR OLQH IORZV DQG ORDGV 7KLV SURFHVV LQLWLDOO\
UHTXLUHV WKH IRUPDWLRQ RI LQWHUPHGLDWH PDWULFHV FDOOHG
H[WUDFWLRQ IDFWRUPDWUL[ RI OLQHV$O DQG ORDGV$/ IURP WRWDO
SDVVLQJSRZHURIWKHLUXSVWUHDPEXVHVLH3O $O3DQG3/ 
$/3UHVSHFWLYHO\:KHUH3ODQG3/DUHWKHYHFWRURIOLQHDQG
ORDG SRZHU UHVSHFWLYHO\ 3 LV D YHFWRU RI EXV WRWDO SDVVLQJ
SRZHU LQWKHEXVVHTXHQFHRI GRZQVWUHDP WUDFLQJ7KHQ WKH
QRQ]HUR HOHPHQWV LQ $O DQG  $/ DUH FDOFXODWHG ZLWK WKH
IROORZLQJHTXDWLRQV
( ) ( )
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7KHQH[WVWHSLQYROYHVWKHFDOFXODWLRQRIFRQWULEXWLRQIDFWRU
PDWUL[ % RI JHQHUDWRUV WR EXV WRWDO SDVVLQJ SRZHU
0DWKHPDWLFDOO\ WKLV FDQ EH H[SUHVVHG DV 3   %3* 7KH
HOHPHQWVRI%DUHFDOFXODWHGXVLQJWKHHTXDWLRQJLYHQEHORZ
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ZKHUHNLPHDQVNLVDQXSVWUHDPEXVRIEXVLDQGN!LPHDQV
N LVDGRZQVWUHDPEXVRIEXV L7KHODVWH[SUHVVLRQLVIRUWKH
ORZHUWULDQJXODUQRQ]HURHOHPHQWV7KHWHUP LMO ∈ PHDQVOLQHM
LVDQLQIORZOLQHRIEXVL
PMO
$
−
LVWKHXQLTXHQRQ]HURHOHPHQW
FRUUHVSRQGLQJWROLQHMLQPDWUL[ O$ ZLWKEXVPDVLWVXSVWUHDP
WHUPLQDO NP% − LV WKH HOHPHQW LQ PDWUL[ % DOUHDG\ FDOFXODWHG
ZKLFK UHSUHVHQWV WKH FRQWULEXWLRQ RI JHQHUDWRU N WR WKH WRWDO
LQMHFWLRQSRZHURIEXV
%\ VXEVWLWXWLQJ 3   %3* LQ 3O   $O3 DQG 3/   $/3
FRQWULEXWLRQRIHDFKJHQHUDWRU WR OLQH IORZVDQG ORDGVFDQEH
FDOFXODWHG([DFWGHULYDWLRQFDQEHIRXQGRQ>@9HFWRU3/LV
XVHGDVDWDUJHWLQWKHWUDLQLQJSURFHVVRIWKHSURSRVHG$11
,,,1(85$/1(7:25.$5&+,7(&785(
$UWLILFLDO LQWHOOLJHQFH FDQ EH EURDGO\ GHILQHG DV FRPSXWHU
SURFHVVHVWKDWDWWHPSWWRHPXODWHWKHKXPDQWKRXJKWSURFHVVHV
WKDW DUH DVVRFLDWHG ZLWK DFWLYLWLHV WKDW UHTXLUH WKH XVH RI
LQWHOOLJHQFH>@0RVWO\WKLVGHILQLWLRQLQFOXGHGWKHILHOGVRI
DXWRPDWLF OHDUQLQJ YLVLRQLPDJH UHFRJQLWLRQ YRLFH
UHFRJQLWLRQPDWKHPDWLFSUREOHPVROYLQJURERWLFVDQGH[SHUW
V\VWHPV,QUHFHQW\HDUVWKHQHXUDOQHWZRUNDQGRWKHUUHODWHG
WHFKQRORJLHV KDV EHFRPH D FRQVWLWXHQW ILHOG RI DUWLILFLDO
LQWHOOLJHQFH$QDUWLILFLDOQHXUDOQHWZRUNFDQEHGHILQHGDVD
GDWDSURFHVVLQJV\VWHPFRQVLVWLQJRIDODUJHQXPEHURIVLPSOH
KLJKO\LQWHUFRQQHFWHGSURFHVVLQJHOHPHQWVDUWLILFLDOQHXURQV
LQ DQ DUFKLWHFWXUH LQVSLUHG E\ WKH VWUXFWXUH RI WKH FHUHEUDO
FRUWH[ RI WKH EUDLQ >@ 7KH SURFHVVLQJ HOHPHQWV FRQVLVW RI
WZRSDUWV7KHILUVWSDUWVLPSO\VXPVWKHZHLJKWHGLQSXWVWKH
VHFRQGSDUWLVHIIHFWLYHO\DQRQOLQHDUILOWHUXVXDOO\FDOOHGWKH
DFWLYDWLRQ IXQFWLRQ WKURXJKZKLFK WKHFRPELQHGVLJQDO IORZ
7KHVH SURFHVVLQJ HOHPHQWV DUH XVXDOO\ RUJDQL]HG LQWR D
VHTXHQFH RI OD\HUV RU VODEVZLWK IXOO RU UDQGRP FRQQHFWLRQV
EHWZHHQ WKH OD\HUV 7KH LQSXW OD\HU LV D EXIIHU WKDW SUHVHQWV
GDWD WR WKH QHWZRUN 7KH RXWSXW OD\HU SUHVHQWV WKH RXWSXW
UHVSRQVH WR D JLYHQ LQSXW 7KH RWKHU OD\HU LV FDOOHG WKH
LQWHUPHGLDWH RU KLGGHQ OD\HU EHFDXVH LW XVXDOO\ KDV QR
FRQQHFWLRQVWRWKHRXWVLGHZRUOG
1HXUDO QHWZRUN SHUIRUP WZR PDMRU IXQFWLRQV ZKLFK DUH
WUDLQLQJOHDUQLQJDQGWHVWLQJUHFDOO7UDLQLQJLVWKHSURFHVV
RI DGDSWLQJ WKH FRQQHFWLRQV ZHLJKWV WR SURGXFH WKH GHVLUHG
RXWSXWYHFWRULQUHVSRQVHWRDVWLPXOXVYHFWRUSUHVHQWHGWRWKH
LQSXW EXIIHU 7HVWLQJ LV WKH SURFHVV RI DFFHSWLQJ DQ LQSXW
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VWLPXOXVDQGSURGXFLQJDQRXWSXWUHVSRQVHLQDFFRUGDQFHZLWK
WKH QHWZRUN ZHLJKW VWUXFWXUH 7HVWLQJ RFFXUV ZKHQ D QHXUDO
QHWZRUNJOREDOO\SURFHVVHVWKHVWLPXOXVSUHVHQWHGDWLWVLQSXW
EXIIHUDQGFUHDWHVDUHVSRQVHDWWKHRXWSXWEXIIHU7HVWLQJLVDQ
LQWHJUDOSDUWRIWKHWUDLQLQJSURFHVVVLQFHDGHVLUHGUHVSRQVHWR
WKHQHWZRUNPXVWEHFRPSDUHGWRWKHDFWXDORXWSXWWRFUHDWHDQ
HUURUIXQFWLRQ
$ IXOO\ FRQQHFWHG IHHGIRUZDUG$11 DV GHSLFWHG LQ )LJ
KDVEHHQXWLOLVHGLQWKLVSURMHFWXQGHU0$7/$%SODWIRUP



)LJ6LPSOHIHHGIRUZDUGQHXUDOQHWZRUN

$6WUXFWXUHRIWKHSURSRVHGQHXUDOQHWZRUN
,Q WKLV UHVHDUFK IHHGIRUZDUG QHWZRUNV ZLWK RQH KLGGHQ
OD\HU DQG RQH RXWSXW OD\HU QHWZRUN KDYH EHHQ FKRVHQ  7KH
SURSRVHG DOORFDWLRQ PHWKRG LV HODERUDWHG E\ GHVLJQLQJ DQ
DSSURSULDWH $11 IRU WKH ,((( EXV QHWZRUN 7KH LQSXW
VDPSOHV IRU WUDLQLQJ LV DVVHPEOHG XVLQJ WKH GDLO\ ORDG FXUYH
DQG SHUIRUPLQJ ORDG IORZ DQDO\VLV IRU HYHU\ KRXU RI ORDG
GHPDQG  6LPLODUO\ WKH WDUJHW YHFWRU IRU WKH WUDLQLQJ LV
REWDLQHG IURP WKH *UDSK PHWKRG >@ ,QSXW GDWD ' IRU
GHYHORSHG $11 FRQWDLQV LQGHSHQGHQW YDULDEOHV VXFK DV UHDO
SRZHU JHQHUDWLRQ 3J 3J UHDO ORDGV 3 WR 3 UHDFWLYH
ORDGV4WR4EXVYROWDJHPDJQLWXGH9999WR9
DYHUDJH SRZHU IRU OLQH IORZV 3OLQH WR 3OLQH  DQG WKH
WDUJHWRXWSXW SDUDPHWHU 7 ZKLFK LV UHDO SRZHU WUDQVIHU
EHWZHHQ JHQHUDWRUV DQG ORDGV SODFHG DW EXV  WR  7KLV LV
FRQVLGHUHGDVRXWSXWV+HQFHWKHQHWZRUNVKDYHWZHQW\VL[
RXWSXW QHXURQV 7KH ILUVW WKLUWHHQ QHXURQV UHSUHVHQW WKH
FRQWULEXWLRQ IURPJHQHUDWRU WR WKH ORDGVDQG WKHUHPDLQLQJ
RXWSXWV QHXURQV FRUUHVSRQG WR   JHQHUDWRU  7DEOH ,
VXPPDULVHWKHGHVFULSWLRQRILQSXWVDQGRXWSXWVRIWKHWUDLQLQJ
GDWDIRUWKH$11

7$%/(,
'(6&5,37,212),13876$1'28738762)7+(75$,1,1*'$7$)257+(
$11

,QSXWDQG
2XWSXWOD\HU 1HXURQV 'HVFULSWLRQLQSX
,WR,  5HDOSRZHUJHQHUDWLRQV
,WR,  5HDOORDGV
,WR,  5HDFWLYHORDGV
,WR,  %XVYROWDJHPDJQLWXGH
,WR,  $YHUDJHSRZHUIRUOLQHIORZV
2WR2  5HDOSRZHUWUDQVIHUEHWZHHQJHQDQGORDGV
%7UDLQLQJ
1HXUDOQHWZRUNVDUHVHQVLWLYHWRWKHQXPEHURIQHXURQVLQ
WKHLU KLGGHQ OD\HU 7RR IHZ QHXURQV LQ WKH KLGGHQ OD\HU
SUHYHQWLWIURPFRUUHFWO\PDSSLQJLQSXWVWRRXWSXWVZKLOHWRR
PDQ\PD\LPSHGHJHQHUDOLVDWLRQDQGLQFUHDVLQJWUDLQLQJWLPH
7KHUHIRUH QXPEHU RI KLGGHQ QHXURQV LV VHOHFWHG WKURXJK
H[SHULPHQWDWLRQWRILQGWKHRSWLPXPQXPEHURIQHXURQVIRUD
SUHGHILQHG PLQLPXP RI PHDQ VTXDUH HUURU DQG FRPSURPLVH
ZLWKWKHORZHVWQXPEHURIHSRFKVLQHDFKWUDLQLQJSURFHVV
7R WDNH LQWR DFFRXQW WKH QRQOLQHDU FKDUDFWHULVWLF RI LQSXW
'DQGQRWLQJWKDW WKH WDUJHWYDOXHVDUHDOZD\VSRVLWLYH WKH
VXLWDEOH WUDQVIHU IXQFWLRQ WR EH XVHG LQ WKH KLGGHQ OD\HU LV D
ORJVLJPRLG IXQFWLRQ 1RQ OLQHDU DFWLYDWLRQ IXQFWLRQV DOORZ
WKHQHWZRUNWROHDUQQRQOLQHDUUHODWLRQVKLSVEHWZHHQLQSXWDQG
RXWSXWYHFWRUV/HYHQEHUJ0DUTXDUGWDOJRULWKPKDVEHHQXVHG
IRUWUDLQLQJWKHQHWZRUN
$IWHUWKHLQSXWDQGWDUJHWIRUWUDLQLQJGDWDLVFUHDWHGLWFDQ
EHPDGHPRUH HIILFLHQW WR VFDOH SUHSURFHVVLQJ WKH QHWZRUN
LQSXWVDQG WDUJHWV VR WKDW WKH\ DOZD\V IDOOZLWKLQ D VSHFLILHG
UDQJH,QWKLVFDVHWKHPLQLPXPDQGPD[LPXPYDOXHRILQSXW
DQGRXWSXWYHFWRUVLVXVHGWRVFDOHWKHPLQWKHUDQJHRIDQG
1H[WVWHSLVWRGLYLGHWKHGDWD'DQG7XSLQWRWUDLQLQJ
YDOLGDWLRQDQG WHVW VXEVHWV ,Q WKLVFDVHVDPSOHV RI
GDWD DUH XVHG IRU WKH WUDLQLQJ DQG  VDPSOHV  RI HDFK
GDWDIRUYDOLGDWLRQDQGWHVWLQJ7DEOH,,VKRZVWKHQXPEHUVRI
VDPSOHVIRUWUDLQLQJYDOLGDWLRQDQGWHVWGDWD

7$%/(,,
7+(180%(562)6$03/(6)2575$,1,1*9$/,'$7,21$1'7(676(7

'DWD7\SHV 6DPSOHV+RXU
7UDLQLQJ 
9DOLGDWLRQ 
7HVWLQJ 

7KHHUURURQWKHWUDLQLQJVHWLVGULYHQWRDYHU\VPDOOYDOXH
WRDFKLHYHWKHPHDQVTXDUHHUURUJRDO2QHRIWKHSUREOHPV
WKDW RFFXUUHG GXULQJ QHXUDO QHWZRUN WUDLQLQJ LV FDOOHG
RYHUILWWLQJ RUPHPRULVDWLRQ ,W KDSSHQV ZKHQ D QHZ GDWD LV
SUHVHQWHG WR WKH WUDLQHG QHWZRUN WKH FDOFXODWHG RXWSXW HUURU
EHFRPH PXFK ODUJHU WKDQ DFFHSWDEOH 7KH QHWZRUN KDV
PHPRULVHG WKH WUDLQLQJ VDPSOHV EXW LW KDV QRW OHDUQHG WR
JHQHUDOLVH WR QHZ VLWXDWLRQV9DOLGDWLRQ VHWV LV XVHG WR DYRLG
RYHUILWWLQJSUREOHP
7KHWHVWVHWSURYLGHVDQLQGHSHQGHQWPHDVXUHRIKRZZHOO
WKH QHWZRUN FDQ SHUIRUP RQ GDWD QRW XVHG WR WUDLQ LW )LJ 
VKRZV WKH SHUIRUPDQFH RI WKH WUDLQLQJ IRU WKH$11ZLWK 
KLGGHQ QHXURQV )URP )LJ  LW FDQ DOVR EH VHHQ WKDW WKH
WUDLQLQJJRDOLVDFKLHYHGLQHSRFKVZLWKDPHDQVTXDUHHUURU
RI × 7KH UHVXOW LV UHDVRQDEOH VLQFH WKH WHVW VHW
HUURUDQG WKHYDOLGDWLRQVHWHUURUKDYHVLPLODUFKDUDFWHULVWLFV
DQG LW GRHVQ¶W DSSHDU WKDW DQ\ VLJQLILFDQW RYHUILWWLQJ KDV
RFFXUUHG
&3UHWHVWLQJDQG6LPXODWLRQ
$IWHU WKH QHWZRUNV KDYH EHHQ WUDLQHG QH[W VWHS LV WR
VLPXODWH WKH QHWZRUN 7KH HQWLUH VDPSOH GDWD LV XVHG LQ SUH
WHVWLQJ$IWHU VLPXODWLRQWKHREWDLQHGUHVXOW IURP WKH WUDLQHG
QHWZRUN LV HYDOXDWHG ZLWK D OLQHDU UHJUHVVLRQ DQDO\VLV 7KH
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UHJUHVVLRQ DQDO\VLV IRU WKH WUDLQHG QHWZRUN WKDW UHIHUUHG WR
FRQWULEXWLRQRIJHQHUDWRUDWEXVWRORDGDWEXVLVVKRZQLQ
)LJ7KHFRUUHODWLRQFRHIILFLHQW5 LQ WKLVFDVH LVHTXDOWR
RQHZKLFK LQGLFDWHVSHUIHFWFRUUHODWLRQEHWZHHQFRQYHQWLRQDO
PHWKRGDQGRXWSXWRIWKHQHXUDOQHWZRUN7KHEHVWOLQHDUILWLV
LQGLFDWHGE\DVROLGOLQHZKHUHDVWKHSHUIHFWILWLVLQGLFDWHGE\
WKH GDVKHG OLQH 7KH SURFHVV WR LQFRUSRUDWH DUWLILFLDO QHXUDO
QHWZRUNLQWRUHDOSRZHUWUDQVIHUDOORFDWLRQWRWKHORDGVFDQEH
VXPPDULVHLQWKHIORZFKDUWVKRZQLQ)LJ5HTXLUHGGDWDIRU
WKHWUDLQLQJLQFOXGLQJGDLO\ORDGFXUYHV IRUHYHU\EXVDQGWKH
WDUJHWSDWWHUQVDORQJZLWKVLQJOHOLQHGLDJUDPIRU,(((EXV
V\VWHPLVJLYHQLQ$SSHQGL[


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
)LJ7UDLQLQJYDOLGDWLRQDQGWHVWFXUYHZLWKKLGGHQQHXURQV

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
)LJ5HJUHVVLRQDQDO\VLVEHWZHHQWKHQHWZRUNRXWSXWDQGWKH
FRUUHVSRQGLQJWDUJHW
,95(68/76$1'$1$/<6,6
$ QXPEHU RI VLPXODWLRQV KDYH EHHQ FDUULHG RXW WR
GHPRQVWUDWH WKHDFFXUDF\ RI WKH GHYHORSHG$117ZR FDVHV
KDYH EHHQDQDO\VHG IRU WKH ,(((EXVV\VWHP7KH&DVH
VFHQDULRLVWKDWWKHUHDODQGUHDFWLYHORDGLQFUHPHQWXSWR
IURPKRXUWRKRXUDQGEHWZHHQKRXUVWRIURPWKH
QRPLQDO WUDLQHG SDWWHUQ %HVLGHV LW DOVR DVVXPH WKDW WKH
JHQHUDWLRQDWEXVDOVRLQFUHDVHVE\WKHVDPHUDWHWRFDWHUIRU
WKH ORDG GHPDQGV )LJ  VKRZV WKH UHDO SRZHU WUDQVIHU
DOORFDWLRQUHVXOWVE\WKHSURSRVHGPHWKRGDORQJZLWKWKHUHVXOW
REWDLQHGWKURXJKWR*UDSKPHWKRGIRUORDGVDWEXVHVDQG
ZLWKLQKRXUV
5HVXOWVREWDLQHGIURPWKH*UDSKPHWKRGDUHLQGLFDWHGZLWK
OLQHVKDYLQJFLUFOHVDQGWKHVROLGOLQHVUHSUHVHQWWKHRXWSXWRI
WKHSURSRVHGPHWKRG)URP)LJLWFDQEHREVHUYHGWKDWWKH
GHYHORSHG$11FDQDOORFDWHVRXUFHWRVLQNUHODWLRQZLWKYHU\
JRRG DFFXUDF\ DOPRVW   ,Q WKLV VLPXODWLRQ $11
FRPSXWHVZLWKLQPVHFZKHUHDVWKH*UDSKPHWKRGWRRN
PVHFIRUWKHVDPHUHDOSRZHUWUDQVIHUDOORFDWLRQ7KHUHIRUHLW
FDQEHFRQFOXGHG WKDW WKH$11LVPRUHHIILFLHQW LQWHUPVRI
FRPSXWDWLRQWLPH



)LJ7KHIORZFKDUWWRLQFRUSRUDWHDUWLILFLDOQHXUDOQHWZRUNLQWRUHDOSRZHU
WUDQVIHUDOORFDWLRQWRWKHORDGV 
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)LJ5HDO SRZHU WUDQVIHU DOORFDWLRQ WR ORDGVDWEXVDQGZLWKLQ 
KRXUV&DVH
The 8th International Power Engineering Conference (IPEC 2007) 9
Authorized licensed use limited to: UNIVERSITY TEKNOLOGI MALAYSIA. Downloaded on January 13, 2009 at 03:59 from IEEE Xplore.  Restrictions apply.
2 4 6 8 10 12 14 16 18 20 22 24
0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
Hour
M
eg
aW
at
t (p
.
u)
Bus-3  (G1)
Bus-6  (G1)
Bus-14 (G1)
Bus-3  (G2)
Bus-6  (G2)
Bus-14 (G2)
Bus-3  (G1)
Bus-6  (G1)
Bus-14 (G1)
Bus-3  (G2)
Bus-6  (G2)
Bus-14 (G2)

)LJ5HDO SRZHU WUDQVIHU DOORFDWLRQ WR ORDGVDWEXVDQGZLWKLQ 
KRXUV&DVH

,Q &DVH   GHFUHDVH LQ ORDG SDWWHUQV LV UHDOLVHG 7KH
UHDO SRZHU WUDQVIHU DOORFDWLRQ UHVXOW UHIHUUHG WR &DVH  LV
VKRZQ LQ)LJ5HVXOWVREWDLQHG IURPWKH*UDSKPHWKRGDUH
LQGLFDWHGZLWKOLQHVKDYLQJFLUFOHVDQGWKHVROLGOLQHVUHSUHVHQW
WKH RXWSXW RI WKH SURSRVHG PHWKRG ,Q WKLV FDVH WKH UHVXOWV
VKRZ WKDW WKH GHYHORSHG $11 FDQ DOORFDWH VRXUFH WR VLQN
UHODWLRQHYHQZLWKLPSURYHGDFFXUDF\KLJKHUFRPSDUHGWR
&DVH  )URP )LJ LW FDQ EH VHHQ WKDW WKH JHQHUDWRU 
SURYLGHV PRUH SRZHU WR WKH ORDGV DW EXVHV   DQG 
FRPSDUHG WR JHQHUDWRU  +HUH DJDLQ ERWK PHWKRGV KDYH D
VLPLODUFRPSXWDWLRQWLPHDVLQ&DVH
0RUHRYHU WKH ILQDO DOORFDWLRQ RI UHDO SRZHU WR ORDGV RQ
KRXUV VHYHQ XVLQJ SURSRVHG $11 LV SUHVHQWHG LQ 7DEOH ,,,
DORQJZLWK WKH UHVXOW REWDLQHG WKURXJK FRQYHQWLRQDOPHWKRG
7KH EXV GDWD IRU WKH ,((( EXV V\VWHP RQ KRXU  LV DOVR
JLYHQ LQ $SSHQGL[ 1RWH WKDW WKH UHVXOW REWDLQHG E\ WKH
SURSRVHG$11LQWKLVSDSHULVFRPSDUHGZHOOZLWKWKHUHVXOW
RI *UDSKPHWKRG >@ 7KH GLIIHUHQFH RI UHDO SRZHU EHWZHHQ
JHQHUDWRUV LQ ERWK PHWKRGV LV YHU\ VPDOO ZKLFK DUH OHVV RU
HTXDO WKDQ0:7KH WRWDOFRQWULEXWLRQRIJHQHUDWRUE\
XVLQJ$11LVJUHDWHUWKDQWKDWFRPSXWHGIURP*UDSKPHWKRG
ZKLFKLV0:)RUWKLVUHDVRQWKHWRWDOEUDQFKORVVHVLV
VOLJKWO\ORZHUIRU$11RXWSXWWKDQ*UDSKPHWKRGVHH7DEOH
,,,

7$%/(,,,
$1$/<6,62)5($/32:(5$//2&$7,21)257+(,(((%866<67(0

%XV /RDG 3URSRVHG$11 *UDSK0HWKRG
QXPEHU 0: *HQ *HQ *HQ *HQ
     
     
     
     
     
     
     
     
     
     
     
     
     
     
/RVV     
7RWDO     
9&21&/86,21
7KLV SDSHU SURSRVHV DQ DUWLILFLDO LQWHOOLJHQFH WHFKQLTXH WR
LGHQWLI\ SRZHU VRXUFH WR VLQN UHODWLRQV 7KH GHYHORSHG
DUWLILFLDOQHXUDOQHWZRUNDGRSWV UHDOSRZHUDOORFDWLRQRXWSXWV
GHWHUPLQHGE\*UDSKWHFKQLTXHDVDWHDFKHUWRWUDLQWKHQHXUDO
QHWZRUNV 7KH SURSRVHG $11 EDVHG PHWKRG SURYLGH WKH
UHVXOWV LQ D IDVWHU DQG FRQYHQLHQW PDQQHU ZLWK YHU\ JRRG
DFFXUDF\ $FFRUGLQJO\ WKH SURSRVHG PHWKRG KDV EHHQ
VXFFHVVIXOO\ WHVWHG DQG GHPRQVWUDWHG RQ WKH ,((( EXV
V\VWHP
7KHPHWKRG FRXOG EH DGDSWHG WR RWKHU ODUJHU V\VWHPV E\
PRGLI\LQJWKHQHXUDOQHWZRUNVWUXFWXUH7KLVWHFKQLTXHFDQEH
XVHG WR UHVROYH VRPH RI WKH GLIILFXOW UHDO SRZHU SULFLQJ DQG
FRVWLQJ LVVXHV DQG WR HQVXUH IDLUQHVV DQG WUDQVSDUHQF\ LQ WKH
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